In this work, zeolite (Z) and Z-Fe 3 O 4 nanocomposite (Z-Fe 3 O 4 NC) have been synthesized. e Fe 3 O 4 nanoparticles were synthesized using the extract from maize leaves and ferric and ferrous chloride salts and encapsulated into the zeolite framework.
Introduction
Clean water is an essential element for the survival of all living organisms. However, due to the rapid pace of industrialization in the textile, food, and plastics sector, these industries discharge wastewater containing "dye pollutants" into water bodies as production byproducts. ese pollutants have a serious effect on aquatic living organisms and the general environment [1, 2] .
In the past, technologies such as solvent extraction, sedimentation, coagulation, oxidation, adsorption, evaporation, distillation, reverse osmosis, ion exchange, and electrolysis were developed for treating wastewater. Among these techniques, adsorption is an excellent method capable ratio, and high reactivity and catalytic potential caused by the size quantization effect [5] . During adsorption, they provide fast kinetics and sorption capacity with extremely high pollutant-binding affinity associated with their sorption sites with regeneration effects [3, 5, 6] .
Metal oxide nanoparticles (MONs), such as MnO, Al 2 O 3 , TiO 2 , and CeO 2 , have shown to have excellent kinetics for pollutant removal from aqueous systems [7] [8] [9] [10] . In the nanoregime, their surface energy increases, causing poor stability, and they are prone to agglomeration with loss of adsorption capacity and selectivity [11] [12] [13] [14] . When these MONs are impregnated into porous support systems, their capacity improves tremendously [15] [16] [17] [18] .
Iron oxide nanocomposite has shown a tremendous promise in a number of environmental remediation effects due to their superparamagnetic property. Promising among them, nanomagnetite (Fe 3 O 4 ) particles have high chemical stability, high coercivity, low Curie temperature, and low toxicity and are biocompatible [19] [20] [21] [22] .
Several synthesis methods such as the microemulsion technique, hydrolysis, hydrothermal method, sol-gel process, and coprecipitation synthesis exist for synthesizing magnetic magnetite. Coprecipitation has been an efficient and effective method, but it is an expensive chemical method which produces large nanoparticle sizes within a short time accompanied with residual chemicals in the composite which may have a detrimental effect on the environment and the human health upon application in water treatment [23] [24] [25] [26] [27] . In order to further improve the nanoparticles' stability, improve the number of active sites, and decrease the agglomeration of the magnetite nanoparticles, an effective approach has been developed to fabricate composite adsorbents by impregnating or coating the Fe 3 O 4 particles into/onto porous supports such as zeolite and to provide a higher excellent mechanical stability with large surface area to enhance their adsorption capacity [15] [16] [17] [18] .
Currently, there is much interest in the biological synthesis using biological materials and organisms such as algae, bacteria, yeast, fungi, and plants [27] . To prevent the accumulation and to increase the stability of the Fe 3 O 4 nanoparticles, strong biomolecule stabilization agents are used which are naturally produced or found in the biological resources [27] [28] [29] . Plant extracts contain phytochemicals and biomolecules which acts as reducing agents capable of reducing metal ions or inorganic iron salts [30] .
Zeolite, an aluminosilicate material, has well-defined molecular-sized pores [31] [31, 32] . Research has shown that the porous framework of zeolite has good adsorption efficiency in the removal of heavy metals like arsenic, mercury, fluoride, and organic dyes and as a host material in catalytic applications [4, 5, 16, 33] .
In this work, green synthesis has been employed to synthesize magnetite nanocomposite in a zeolite framework using the maize leaves extract as reducing and stabilizing agents which provide an efficient host medium. e assynthesized Z-Fe 3 O 4 NC was characterized using XRD, FT-IR, EDX, and SEM to confirm the formation of zeolitemagnetite nanocomposite (Z-Fe 3 O 4 NC). eir adsorption capacities for MB organic molecules were investigated using UV-Vis, kinetics, and isotherm models.
Materials and Methods

Materials.
e analytical graded chemicals were used without purification.
Sodium hydroxide (NaOH, 99%), hydrochloric acid (HCl, 99%), iron (II) chloride tetrahydrate (FeCl 2 ·4H 2 O, 99%), iron (III) chloride hexahydrate (FeCl 3 ·6H 2 O, 98%), and methylene blue (MB) were obtained from Sigma Aldrich, United Kingdom (UK). In addition, kaolin, a natural aluminosilicate-based deposit was sampled from Saltpond, in the Central Region of Ghana which served as the raw material for the synthesis of zeolite.
MB was used as a dye pollutant. MB is a cationic dye made of heterocyclic aromatic chemical compounds with a molecular weight of 373.9 g/mol, as shown in Figure 1 . e maximum absorbance occurs at a wavelength corresponding to 664 nm [34, 35] .
Synthesis of Zeolites.
Particle-size analysis ≤75 μm was done with Retsch VS1000 mechanical shaker on the raw kaolin sample to achieve a fine particle-size distribution. e unreactive kaolin sample was calcined at 600°C to convert it into the more reactive metakaolinite phase. is was then reacted with a 2 M NaOH aqueous solution in a solid-toliquid (S/L) ratio of 10 g/50 mL and stirred using a magnetic stirrer for 30 minutes to give a homogeneous mixture. e mixture was crystallized for 7 hours at 100°C after aging for 24 hours. e sample was filtered and washed with excess deionized water until the pH of the filtrate was around 7.
is was followed by oven-drying at a temperature of 70°C. e samples were later powdered for characterization [32] .
Extract from Maize
Leaves. e maize leaves samples were washed and dried in an oven at 60°C for 12 hours. e dried leaves were ground into a fine powder. An amount of 10 g of dried powder was taken into 250 mL round-bottom flask, and 100 mL of distilled water was added and refluxed for 60 min at 80°C until the color of the aqueous solution changes to deep green. e resultant mixture was then cooled to room temperature and filtered with a cheesecloth and filter paper. e resultant extract was stored at − 4°C.
Synthesis of Zeolites/Magnetite Nanocomposite.
e magnetite nanoparticles were synthesized before their subsequent incorporation into the zeolite framework using an already established method by Izadiyan et al. [28] . 5.52 g of FeCl 3 hexahydrate and 1.98 g of FeCl 2 tetrahydrate (2.8 : 1 molar ratio) were dissolved in 200 mL of DI water. 40 mL of the maize extract was added to the mixture. is stage is followed by the drop-wise addition of 2 M NaOH to the solution under continuous stirring at a pH of 11. Stirring was allowed for 1 h to ensure a homogeneous solution and to complete the reaction. e appearance of a black precipitate confirmed the formation of the magnetite nanoparticles (Fe 3 O 4 ). e as-synthesized magnetite (Fe 3 O 4 ) nanoparticles were separated using a permanent magnet. e formed Fe 3 O 4 -NPs were washed using deionized water and dried in an oven at around 70°C overnight.
In the synthesis of the composite, 4 g of the as-synthesized zeolite was added to 100 mL of the magnetite solution followed by continuous stirring for 6 hours. e mixture was then left for 24 hours. e next step is the washing and centrifugation of the mixture to separate the zeolite/magnetite composite from the solution.
e last stage of the synthesis process involved drying the sample in an oven at 60°C overnight.
X-Ray Diffraction (XRD)
. XRD is a powerful powder diffraction technique for phase identification of crystalline materials. Powder XRD patterns were recorded using the Empyrean PANalytical series 2 X-ray Diffractometer (XRD) with CuKα (1.54 Ǻ). 1 gram of the powder sample was compacted on a flat working surface and later transferred into a sample holder and scanned between a 2θ angular range of 0-100°. e phases present were identified using X'Pert Highscore plus database software.
Energy-Dispersive X-Ray (EDX) Analysis and Scanning Electron Microscopy (SEM).
e structural morphology and empirical elemental compositions were estimated using energy-dispersive X-ray (EDX) spectroscopy and Zeiss EVO LS10 scanning electron microscopy (SEM) equipped with the Oxford INCA X-act detector.
Fourier-Transform Infrared (FT-IR) Spectroscopy.
FT-IR spectroscopy is a technique used to determine the structure of molecules with the molecular characteristic absorption of infrared radiation capable of determining bond mechanisms. In this work, attenuated total reflectance (ATR) was employed with single bounce diamond anvil ATR accessory fitted to a ermo-Fisher Nicolet IS50 FT-IR spectrometer. About 0.2 grams of the samples were placed on the diamond ATR plate, and measurements were taken.
UV-Vis Spectroscopy.
e adsorption of the MB molecules onto the zeolite/magnetite nanocomposite adsorbent surface was monitored using a GENESYS 10S UV-Vis spectroscopy (version v4.005 2L5S048209). Characteristic peak of MB was observed at 665 wavelength, and its absorbance was measured to estimate the corresponding concentration from a calibration curve.
Adsorption Experiments.
e aim of this study is to investigate the potential of the Z-Fe 3 O 4 NC as an adsorbent for adsorbing MB molecules from solution and to describe the adsorption mechanisms using kinetic and isotherm models. e batch adsorption experiment was generally carried out using an adsorbent loading of 2.8 mg, at pH of 9 and at a room temperature of 25°C. During the experiment, 3.5 mL of 2 mg/L concentration of methylene blue (MB) aqueous solution was added to 2.8 mg of zeolite/magnetite nanocomposite in a cuvette, and the absorbance was collected over a period of 3 hours [32] . is procedure was repeated using 4, 6, 8, and 10 mg/L concentrations of MB to study the effect of dye concentration on equilibrium.
From the adsorption experiments, the adsorption capacity, q t (mg/g) equation (1), which represents the amount of dye adsorbed per unit weight of zeolite and the dye removal efficiency, (R%) equation (2), were calculated as follows:
where C 0 is the dye concentration at time t � 0 (mg/L), C t is the dye concentration at time t � t (mg/L), V is the volume of MB or RhB solution (mL), and W is the mass of adsorbent used (mg). e absorbance was measured a Genesys 10S UV-Vis spectrophotometer at the MB characteristic monochromatic wavelength (λ max ) of 665 nm.
is absorbance study was repeated using only pure zeolite without the presence of magnetite nanoparticles addition.
Regeneration of Spent Adsorbent.
To study the regeneration ability of the Z-Fe 3 O 4 NC, the spent zeolite/ magnetite nanocomposites were washed in varying pH values of 5, 7, 9, 11, and 13 using 0.1 mol/L NaOH and HCl solutions and loaded using 3.5 ml of 2 mg/l MB concentration at a room temperature of 25°C. From the literature, the pH of batch formulations plays a major role in the adsorption/desorption processes by affecting the changes in the surface charge distribution of adsorbents used [36] .
Adsorption Kinetics.
e kinetic models are used to examine the various mechanisms controlling the adsorption of the dye molecules from the aqueous solution; that is, these models help to describe the solute uptake rate from the solute-solution interface. e kinetics of the adsorption process can be modeled by the pseudo-first-order Lagergren Journal of Chemistry equation, pseudo-second-order rate equation, and the intraparticle diffusion model given below [37, 38] . In this work, the pseudo-first-order (PFO) kinetic model, pseudosecond-order (PSO) kinetic model, and an intraparticle diffusion model were applied. e PFO can be modeled using Lagergren's first-order rate equation. e PFO kinetic model after integration and inserting necessary boundary conditions is given by
where q t is the amount of adsorbate adsorbed at time t (mg/g), q e is the adsorption capacity at equilibrium (mg/g), k 1 is the pseudo-first-order adsorption rate constant (min − 1 ), and t is the adsorption contact time (min). e PSO kinetic model states that the rate of solute uptake is directly proportional to the square of the difference in concentration between the equilibrium dye adsorption capacity and the concentration of the dye adsorbed onto the adsorbent at any time t [39] . e PSO kinetic model after integration and inserting all the necessary boundary conditions is given as follows:
where k 2 is the pseudo-second-order rate constant (g·mg − 1 ·min − 1 ). Again, the possibility of the adsorption mechanism being affected by the intraparticle diffusion resistance was explored using the intraparticle diffusion model. Weber and Morris in their work in 1962 posited that the analysis of this model determined the rate-controlling steps of the adsorption process. Film diffusion, pore diffusion, surface diffusion, or a combination during the adsorption phenomenon describes the intraparticle diffusion mechanism. e intraparticle diffusion is given as follows [40] :
where k i is the intraparticle diffusion rate constant (mg·g − 1 ·min − 0.5 ) and C i is the intercept which corresponds to the boundary layer thickness (mg/g). e larger the intercept is, the greater the boundary layer effect.
Equilibrium Adsorption
Kinetics. e analysis of the adsorption equilibrium models can provide useful information regarding the sorption mechanism, surface properties, and affinity of adsorbent used [41] . Although there are several isotherm equations for analyzing the experimental sorption equilibrium parameters, the commonly used ones are the Langmuir and the Freundlich models. e Langmuir isotherm model is based on the assumption that the adsorbent surface has a finite number of active sites which are homogeneously distributed over its surface allowing a homogeneous monolayer adsorption of adsorbate. During the adsorption process, one active site adsorbs a dye molecule and after does not allow any additional adsorption at the occupied active site [42] [43] [44] .
e saturated monolayer isotherm model can be expressed as
e linearized form of equation (6) becomes
where Q m is the maximum adsorption capacity at monolayer (mg/g), K L is the Langmuir adsorption constant (L/mg) related to the affinity of the binding sites, and C e is the equilibrium concentration of the adsorbate. A plot of C e /q e against C e from equation (7) gives a straight line with slope 1/Q m and an intercept 1/Q m K L when the experimental data fit the Langmuir isotherm model. In determining the suitability of the Langmuir model in modeling a given adsorption process, a dimensionless parameter known as the separation factor (R L ) is used [42, 43, 45] . R L is defined as follows:
where R L is the separation factor (dimensionless), K L is the Langmuir adsorption constant (L/mg), and C o is the initial concentrations of MB (mg/L).
For an unfavorable adsorption process, R L > 1, when R L � 0, it indicates that the adsorption is irreversible, and for 0 < R L < 1, it implies that the adsorption process is favorable. e Freundlich model, on the other hand, assumes that as the concentration of the adsorbate increases, the concentration of adsorbate on the adsorbent surface also increases and, correspondingly, the sorption energy exponentially decreases on completion of the sorption centers of the adsorbent, thus implying an adsorption unto heterogeneous surfaces with interaction between the adsorbed molecules which is not restricted to the formation of a monolayer [46] . e exponential form of the Freundlich equation is given as follows:
e linearized form of equation (9) is
where K F (mg/g) is the Freundlich constant related to the bonded energy and n f is the heterogeneity factor. In addition, 1/n f relates to the adsorption intensity inferring that a smaller value of 1/n f below unity indicates a stronger bond between adsorbate and adsorbent. 10100) planes, respectively, indicating that peak positions from the as-synthesized zeolite matched against that of Linde Type A [47] . Also, the magnetite phase was identified at peak positions 30.89°, 35.82°, and 57.56°corresponding to the (200), (311), and (511) planes, respectively, which confirmed the data reported by Cai et al., as shown in Figure 2 (b) [48] . e crystallite size of the Z-Fe3O4 NC was calculated as 27.23 nm using Scherer's equation (equation (11)), at the 2θ peak position of 29.98°, a wavelength of λ � 1.54178 nm, and a shape factor of K � 0.94.
Results and Discussion
Scherer's equation is given as follows:
where λ is the wavelength of X-ray (CuKα), β is the full width at half maximum, θ is the Bragg's Angle, and L is the crystallite size.
Energy-Dispersive X-Ray (EDX) Analysis. EDX was carried out to examine the elemental composition of the zeolite/magnetite nanocomposite (Z-Fe 3 O 4 NC) framework.
From the analysis of the data (Figure 3) , it was observed that the elemental composition of the composite was as follows: O (58.89%), Al (19.34%), Si (18.18%), and Fe (3.50%). From the results, the Si/Al ratio of the as-synthesized zeolite nanocomposite was approximately 1 indicating the formation of zeolite A. Also, the presence of iron and oxygen confirmed the presence of magnetite nanoparticles in the nanocomposite.
Scanning Electron Microscopy (SEM)
. SEM analyses give information about the morphology and the textural properties of the as-synthesized zeolite and zeolite/magnetite nanocomposite. From Figure 4(a) , the characteristic cubic zeolite crystals were observed which confirms the presence of the zeolite phase as already confirmed from XRD [49] . Also, the spherical morphology of the Fe 3 O 4 nanoparticles, as shown in Figure 4(b) , confirmed the formation of the magnetite nanoparticles as reported by Izadiyan et al. [28] . Upon the incorporation of the magnetite nanoparticles into the zeolite framework, it was observed from Figure 4 (c) that there is a distortion of the original cubical structure of the zeolite. is indicates a bonding interaction between the zeolite and the Fe 3 O 4 nanoparticles leading to morphological structural changes.
Fourier-Transform Infrared (FT-IR) Spectroscopy.
FT-IR spectroscopy on the pure zeolite and the zeolite/ magnetite nanocomposite (Z-Fe 3 O 4 NC) identify the IR spectra within the range of 4000-400 cm − 1 and provides Journal of Chemistry important information corresponding to the functional groups and the vibrational bands present in their framework, as shown in Figure 5 . e spectra at position 3370 cm − 1 and 3339 cm − 1 which fall within the spectral range of 3000-3600 cm − 1 indicate the presence of the water of absorption that is a characteristic of the zeolite framework [50] . Similarly, the vibration stretching at 1644 cm − 1 and 1645 cm − 1 can also be attributed to the presence of coordinated hydroxyl groups on the zeolite surface [51] . e high-intensity vibration frequency at the band positions 988 cm − 1 and 974 cm − 1 found between the spectral ranges of 1250 and 950 cm − 1 represent the internal vibrations due to the asymmetric stretching of Si-O-Al tetrahedral. Again, the spectra 663 cm − 1 of the pure zeolite found between 720 and 650 cm − 1 can be attributed to internal vibrations due to symmetric stretching within the zeolite structure. e presence of the external T-O linkage (T � Si or Al) due to the double ring is also confirmed by the band at position 546 cm − 1 . e band at position 462 cm − 1 found within the spectral range of 500-420 cm − 1 suggests the presence of internal tetrahedron vibrations of Si-O and Al-O of sodalite (T-O-T) with bending modes of the sodalite cages found in zeolites [52] . Moreover, Stefanovsky et al. reported that the specific vibrations of Fe-O bonds can be found around 460 cm − 1 and 570 cm − 1 [53] . From Figure 5 , it was observed that 462 cm − 1 peak disappeared followed by a shift in the % transmittance. is observation can be attributed to the formation of the Fe-O and Fe-Al-O band [53, 54] . In addition, the presence of the Fe 3 O 4 NC caused modification in the band structure of the zeolite as seen at 663 cm − 1 spectra of zeolite. Also, the shift in vibrational bands of both pure zeolite and zeolite/magnetite nanocomposite confirmed the formation of both zeolite and magnetite nanoparticles. Journal of Chemistry
Adsorption Studies
UV-Vis Equilibrium Spectra.
During the adsorption studies, the feasibility of the Z-Fe 3 O 4 NC adsorbent in adsorbing the MB adsorbate molecules was investigated and compared to that of pure zeolite. e results are presented in Figure 6 . Generally, the graphs show that the amount of dye molecules adsorbed increased with contact time for both pure zeolite and Z-Fe 3 O 4 NC adsorbent. It was also observed that the rate of adsorption decreased after first 10 minutes indicating that the availability of active sites for the dye molecules to occupy had been reduced. us, there was a high concentration gradient between the MB molecules and the Z-Fe 3 O 4 NC within this time frame. e uptake of the MB dye molecules by the pure zeolite resulted from the highly electrostatic attraction between the cationic MB molecule and the negatively surface-charged zeolite [55] . Moussavi et al. reported that, above the pH zpc of zeolite (pH zpc � 7.8), the zeolite surface is negatively charged [56] ; that is at the pH of the MB used for this study, the zeolite possessed a negatively charged surface. is allowed for the electrostatic interaction between the cationic MB and the negatively charged zeolite surface.
Moreover, after 180 minutes, Z-Fe 3 O 4 NC showed higher efficiency in dye uptake of MB molecules. e presence of the magnetite nanoparticles increased the adsorption efficiency of the zeolite. Erdemoglu and Sarıkaya reported that Fe 3 O 4 at a pH above 5 possesses a negatively charged surface [57] . e presence of the magnetite nanoparticles in the adsorbate medium at a pH of 9 caused the Fe 3 O 4 NC to possess negative surface charges which enhanced the adsorption by providing additional active sites for the adsorption of the cationic molecules of MB. e absorbance and concentration are related through the Beer-Lambert law by a linear equation. e corresponding concentration of the absorbance values has been extracted from an established calibration curve and is tabulated in Table 1 .
Effect of Initial Dye Concentration on Equilibrium (q t ).
e effect of initial dye concentration on equilibrium was conducted at 25°C by loading 2.8 mg of the Z-Fe 3 O 4 NC in 3.5 mL of 2, 4, 6, 8, and 10 mg/L MB concentrations at pH 9 (Figure 7 ). e graph showed that the amount of MB dye molecules adsorbed onto the Z-Fe 3 O 4 NC adsorbent increases with an increasing initial concentration of MB and increasing contact time. e increment in the dye concentration caused an increase in the driving force (concentration gradient), triggering a transfer of the MB molecules from the aqueous medium onto the surface of the adsorbent [56] . e adsorption capacity increased from 0.56-1.15 mg/g as equilibrium was reached.
Kinetic Study.
e adsorption mechanism of the MB by the zeolite composite was further investigated. e data from Journal of Chemistry the adsorption kinetics were fitted using the three kinetic models: the pseudo-first-order (PFO), pseudo-second-order (PSO), and intraparticle diffusion kinetic models. e results from these analyses are shown in Figures 8(a)-8(c) . From the graph, the data fitted well with the PSO model as compared to the PFO model with correlation coefficient values of R 2 � 0.99987 and R 2 � 0.98528, respectively. e calculated q e � 1.6575 mg/g from the experiment was closer to that obtained from the PSO kinetics model with a maximum adsorption capacity of 1.74587 mg/g as compared to that of the PFO (0.8224 mg/g). e R 2 and q e values indicated that the adsorption process fitted well with the PSO. Also, the fast-kinetic adsorption of MB in the first 10 minutes followed by a gradual adsorption can be seen from the rate constant from both the PFO and PSO. e PFO and PSO rate constants are k 1 = 0.025333 min − 1 and k 2 = 0.06095 min 0.5 ·mg − 1 ·g (Table 2) , respectively, indicating that the faster rate of adsorption is more directed towards that of the PSO.
us, the PSO model describes the adsorption kinetics of the MB unto the zeolite/magnetite adsorbent as that of a chemisorption process [38, 39, 58, 59] .
is confirms that the cationic MB interacted with the negatively charged zeolite. e plot for the intraparticle diffusion model gives information on the diffusion rate parameters. From the intraparticle diffusion kinetic model, it was observed that three different intraparticle diffusion rate constants for the stepwise adsorption process influenced the rate-determining steps, as shown in Figure 8 (c). e rate diffusion constant for the first linearized portion of the curve gives the highest slope (k 1 � 0.21268 min 0.5 ·mg − 1 ·g) with a very steep gradient. At the initial stage of adsorption, there were vacant and unoccupied number of active sites for adsorption. e high concentration gradient between the adsorbate and the adsorbent caused a high electrostatic attraction between the cationic methylene blue (MB) molecules and negative surface charge of the zeolite/magnetite adsorbent. Also, the presence of unoccupied pores in the adsorbent led to a fastkinetic pore or surface diffusion. e second part of the model with a slope k 2 � 0.04911 min 0.5 ·mg − 1 ·g gives a less steep slope indicating more active sites were occupied with a limited number of unoccupied sites present. Also, the MB dye molecules were gradually diffusing into the inner pores of the adsorbent as the concentration gradient reduced gradually. e last part of the intraparticle diffusion model gives a slope, k 3 � 0.0169 min 0.5 ·mg − 1 ·g, which is the least of the three slopes. is portion of the model describes the equilibrium state of the adsorption process. is is because, with time, the concentration gradient decreases as more active sites on the adsorbent were occupied. In addition, the free path for the MB molecules in the pore structure becomes narrower, and the molecules passing through become gradually blocked until equilibrium is reached where there is little or no adsorption to take place [40] .
3.6.1. Sorption Isotherm Study. e equilibrium adsorption data were used to further study the adsorption isotherm of the system, by fitting it to the Langmuir and the Freundlich isotherm models, as shown in Figures 9(a) and 9(b), respectively.
From the analyses, the data fitted well with the Langmuir isotherm model having a correlation coefficient (R 2 ) of 0.9976 as compared to the Freundlich isotherm model with a low R 2 of 0.88947. is suggests that the Langmuir isotherm model best described the adsorption process due to its higher R 2 value indicating that the surface of the adsorbent was homogeneously covered by a monolayer of MB molecules as a result of the evenly distributed active adsorption sites present on the surface of the adsorbent.
is adsorbent possesses an identical adsorption activity which allows only one dye molecule to be adsorbed per active adsorption site [56] . e maximum adsorption capacity (Q m ) was estimated to be 2.57 mg/g, indicating a homogenous monolayer saturation coverage of MB at equilibrium. e separation factor R L obtained using the initial dye concentration lied within 0 < R L < 1 (i.e., 0.13369, 0.084064, 0.055558, 0.047709, and 0.036084 for the different MB concentrations) indicating a favorable adsorption of MB by the Z-Fe 3 O 4 nanoadsorbent [42, 43] . e calculated parameters from the equilibrium isotherm models are presented in Table 3 .
Regeneration Studies.
To study the regeneration and reusability of the as-synthesized zeolite/magnetite nanocomposite, a regeneration experiment was carried out on the spent adsorbent. Among the several factors such as pH, temperature, and adsorbent type that affect the reusability of a catalyst, pH has been found to play a significant role affecting the efficiency of the spent catalyst. pH has shown to have an influential effect on the adsorption and desorption process of dye molecules due to its ability to ionize the dye molecules and to alter the surface charge characteristics and binding sites of the adsorbent [36, 60] . Desorption of MB molecules from an adsorbent in an alkaline medium is as a result of the excess OH − reacting with the cationic sites of the MB molecules in solution [61, 62] .
In this work, the adsorption process was conducted at a room temperature of 25°C with the same adsorbent type (Z-Fe 3 O 4 ) and a fixed adsorbate methylene blue (MB) concentration of 2 mg/L whiles varying the pH parameter. During the process, the Z-Fe 3 O 4 after initial loading with the dye molecules was treated with varying pH of 5, 7, 9, 11, and 13 to remove the adsorbed dye on the adsorbent. After this, the regenerated adsorbent was reloaded with Figure 10 , it was observed that the spent adsorbent treated with a pH of 7 had the highest removal regeneration efficiency in the first regeneration cycle.
Conclusion
e magnetic zeolite/magnetite nanocomposite (Z-Fe 3 O 4 NC) was successfully synthesized and used as a potential adsorbent for dye removal. Z-Fe 3 O 4 NC exhibited a high adsorption capacity and high regeneration capacity after two cycles using pH 7. e adsorption of MB dye molecules onto the nanoadsorbent was controlled by the pseudo-secondorder indicating that the adsorption process was that of chemisorption. e rate-controlling steps describing the adsorption process was controlled by pore, surface, and intraparticle diffusion. e Langmuir isotherm model also indicated homogeneous monolayer coverage of MB on the surface of the adsorbent during the adsorption process. e adsorption efficiency after 3 hours was 97.5%. After treating the spent adsorbent with varying pH of 5-11, the highest regeneration efficiency was achieved at a pH of 7 after three cycles. e results underscore the feasibility of Z-Fe 3 O 4 NC as an adsorbent. Further work is however required to improve its regeneration capacity.
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